DNA is the essential substrate for the polymerase chain reaction (PCR). Standard protocols include a DNA purification step, but this is laborious if a large number of DNA preparations have to be performed, although a variety of simple methods exist for the isolation of crude DNA for PCR. For microorganisms, PCR protocols exist that allow the amplification of sequences directly from the organism without DNA purification. The results introduced in this paper demonstrate that a direct PCR approach also works with fruitflies and blood flukes as examples for intact multicellular organisms.
Usually, the time-consuming process of DNA extraction is unavoidable to perform the polymerase chain reaction (PCR). Recently, protocols were introduced that allow PCR amplification without DNA extraction. This approach has been applied to microorganisms such as protozoans, bacteria and yeast (1) (2) (3) (4) . However, to our knowledge, this technique has not yet been applied to multicellular organisms. Here, we show that PCR amplification of DNA sequences is possible directly from whole, undissected larvae and adults of the fruitfly Drosophila melanogaster and the blood fluke Schistosoma mansoni without preceding DNA isolation. Figure 1 demonstrates that the amplification of DNA obtained by PCR with total organisms as template (lanes 1-3, 5 and 8) does not differ in quality from that using extracted DNA as template (lanes 7 and 9). Amplification reactions were performed on D.melanogaster embryos, first and third instar larvae, pupae, and adults with the first primer specific for the inverted repeat sequence of the P element (p31: 5′-CGACGGGACCACCTTATGTTATT-TCATC-3′) (5). The second primer (76A: 5′-GCAAGTGCAAT-CAGCTGTCATGC-3′) was directed against a sequence of a genomic clone which was isolated by plasmid rescue from a single insertion line with a P{lacW} element (6) localized in polytene region 76A (M.H. and U.S., unpublished). The expected amplification product of 368 bp was obtained in each case except for pupae. Even crushing the case prior to incubation did not help to obtain amplification products. For PCR in S.mansoni, primers were used that are specific for the protein disulfide isomerase gene that is a single copy gene in this organism (7) . The primers were located near the 3′ end of the gene, and amplification resulted in the PCR reactions were carried out in a total volume of 25 µl, containing 1 µM of each oligonucleotide primer, 200 µM of each deoxynucleotide (dATP, dTTP, dCTP, dGTP; Pharmacia) and 2.5 U Taq polymerase (Appligene). After an initial denaturation step at 95_C for 5 min, different temperature cycling profiles were applied with respect to the different annealing temperatures of the two primer pairs used and the different surface structure of the organisms. For D.melanogaster cycling was done for 90 s at 93_C, 60 s at 55_C and 30 s at 72_C for 30 cycles, starting with the denaturation step (MJ Research MiniCycler TM ). For S.mansoni cycling was performed for 60 s at 93_C, 30 s at 60_C and 30 s at 72_C for 30 cycles, starting with the denaturation step. One quarter of the reaction volume was electrophoresed in a 1.5% TAE agarose gel and stained with ethidium bromide. All amplification products were verified by Southern blot hybridizations using appropriate gene probes and stringent conditions (data not shown).
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The direct PCR procedure described in this study revealed that DNA isolation is not an essential prerequisite towards a successful PCR amplification of single copy gene sequences in D.melanogaster and S.mansoni. In D.melanogaster the method worked for adults and different developmental stages such as embryos and larvae, but not for pupae. The repeated denaturation steps at 93_C were obviously sufficient to lyse so many cells of these multicellular organisms that enough template DNA was available for an effective PCR amplification that did not differ in quality from PCR reactions with purified template DNA. The high amount of amplification products obtained suggests that it should be possible to perform the procedure with less starting material, i.e. parts of the organisms. This would allow several PCRs with different primer sets on the same individual. The method is simple, fast and cost-saving and will accelerate PCR applications. For D.melanogaster, different screening methods exist that are aimed at identifying P element insertions close to the cloned gene of interest (8, 9) . The method introduced here will facilitate those screening procedures. Since it worked both with an organism covered by a tegument as well as one surrounded by a chitineous cuticle, it is expected that it should also be applicable for a variety of other eukaryotic organisms.
